To evaluate the microbiological water quality of bathing sites along the Achaia coastline (south western Greece), a survey was conducted to determine the concentration of faecal bacterial and phage indicators as well as the presence of human viruses. Seawater samples (234) into account may be considered in order to improve water quality and reduce public health risk.
INTRODUCTION
The south west of Greece is a popular area with tourists who benefit the local economy. Despite this popularity, there has only been one survey of the microbiological quality of recreational coastal waters (Vantarakis & Papapetropoulou 1998) .
One of the public concerns over recreational water use is the risk of illness resulting from exposure to waters contaminated by sewage. The risk to human health associated with contaminated coastal water has been well documented. Some studies have shown that swimmers were at a greater risk of becoming ill than non-swimmers; moreover swimmers were at a greater risk when swimming at beaches affected by pollution compared with beaches that were considered to be unpolluted (Petrilli et al. 1980; Fleisher et al. 1996) . Children swimming in contaminated seawater are more likely to develop illnesses than those who do not (Alexander et al. 1992; Kay et al. 1994) . Human viral pathogens are more persistent in these waters than coliform bacteria and are not efficiently removed by treatment processes such as chlorination (Hejkal et al. 1981) . Enteric viruses, in the environment, pose a public health risk because they can be transmitted via the faecal-oral route through contaminated water, and even low numbers are able to initiate an infection in humans. The US Environmental Protection Agency (USEPA) describes the enteric viruses group itself as the most meaningful, reliable and effective index for environmental monitoring (Karaganis et al. 1983) . Numerous studies have documented the presence of enteroviruses in coastal and recreational waters (Abbaszadegan et al. 1993; Kopecka et al. 1993; Tsai et al. 1993; Puig et al. 1994; Vantarakis & Papapetropoulou 1998; Lipp et al. 2001) . Enteroviruses have been recorded in seawater in many parts of the Mediterranean (Puig et al. 1994; Vantarakis & Papapetropoulou 1998) . On the other hand, adenoviruses are the only human enteric viruses containing DNA and are therefore human pathogens.
However, their presence in coastal waters and their role as originators of gastroenteritis and respiratory illness has probably been underestimated (Irving & Smith 1981; Hurst et al. 1988; Griffin et al. 2001) . Numerous studies have documented the presence of adenoviruses in coastal and recreational waters (Girones et al. 1993; Puig et al. 1994; Vantarakis & Papapetropoulou 1998) .
Three types of bacteriophage have been proposed as specific indicators of viral contamination: somatic coliphages (Morinigo et al. 1992) , the F-RNA phages (Havelaar et al. 1986 ) and the phages infecting Bacteroides fragilis (Jofre et al. 1986) . The Bacteroides fragilis (B. fragilis) HSP40 phages seem to be specific indicators of human faecal contamination whereas the other two types of phage may be indicators of both human and non-human faecal contamination (Havelaar et al. 1986; Jofre et al. 1986) . 
MATERIALS AND METHODS

Sampling
Nine bathing sites along the Achaia coastline, selected by the Greek Ministry of Environment, were sampled. These sites were sampled a total of 20 times each, about once every three or four days, between 1 May 2000 and 1 August 2000 (main bathing period). All nine sites were sampled on the same day. Table 1 lists each sampling site, its location and some of its characteristics. Salinity, pH and seawater temperature in the water and water temperature from each water sample were also monitored (Table 2) . Also weather data (wind direction, wind speed, temperature) were obtained from the meteorological survey of Patras.
Bacterial analysis
Four bacterial indicators (total coliforms, faecal coliforms, E. coli, faecal streptococci) were monitored in all water samples. The membrane filtration method was used and 100 ml of seawater was assayed for each parameter. The bacteria were detected by the conventional culture method (Standard Methods 1995). Results were expressed as colony forming units (cfu) per unit volume.
Bacteriophage analysis
For bacteriophage analysis, 10 ml of water sample were analysed. The analysis was performed by means of plaque assay method using the double-agar layer technique (Dore & Lees 1995; Puig et al. 1999) . The results were expressed as number of plaque forming particles per unit of volume (pfu ml 21 ).
The number of somatic coliphages was determined using the ISO (1999a) 10705-2 method. The host strain used was E. coli WG5 and the reference phage was fX174. For the detection of F-RNA bacteriophages (Havelaar et al. 1986) , the host strain used was Salmonella typhimurium WG49 and the reference phage MS2 was used. The culture media used were Tryptone Yeast Glucose Broth (TYGB)
TYGAgar, ssTYGA (Oxoid, Unipath, Basingstoke, UK) (Debartolomeis & Cabelli 1991) . The method is validated by ISO 10705-1 (1996) .
For the detection of B. fragilis phages, the double-agar layer technique was also used, as previously described (Tartera et al. 1992) . The host strain used was B. fragilis RYC2056 and the reference phage was B56-3. The method is validated by ISO 10705-4 (1999b) .
Human virus analysis
For human virus analysis, 400 litres of seawater were collected at each site. The sampling for virus analysis was performed according to the modified methodology previously described (Vantarakis & Papapetropoulou 1998) .
The seawater samples were concentrated by filtration through Virosorb filters (AMF Cuno Meriden, Connecticut).
Filter elution and concentration of the viruses were performed using organic flocculation and ultracentrifugation (Puig et al. 1994) . Nucleic acid extraction, cDNA synthesis for enteroviruses and HAV, PCR and nested PCR for all viruses were performed according to Puig et al. (1994) . From the final concentrate (0.2 ml), 50 ml were assayed twice by PCR representing 100 litres of the original sample. The primer sequences used were previously suggested (Puig et al. 1994) .
All the preventive measurements to avoid cross-contamination in nested PCR were taken.
Statistical analysis
Statistical analyses were performed using SPSS version 12. 
RESULTS
Seven indicators (bacteria and phages) of faecal pollution
were assessed at each bathing site. Among all water samples analysed, 13 (5.56%), 11 (4.7%) and 11 (4.7%) were positive for the presence of total coliforms (TC), faecal coliforms (FC) and faecal streptococci (FST), respectively, according to EU ). Table 3 summarizes these results. Table 4 lists the sites in order from the west end (Alissos) of the coastline to the east end of Achaia (Inoa).
The indicator (bacteria and phage) concentrations were given rankings of 1 (the lowest levels of bacteria and coliphages within each group) to 9 (the highest levels of bacteria and coliphages within each group) in order to compare the sites with each other. After each category was ranked, a total score was calculated and an overall ranking was assigned per site. Logos and Selianitika, which are considered bathing areas, had the best microbial seawater quality. Agyia, which was located inside the port of Patras had the worst microbial seawater quality. Table 5 
DISCUSSION
The cleanest sites were located close to Logos and Selianitika, which are both bathing areas and very popular; their location is 3 km distant from any sewage outfalls. Even when a site on the shore has a tide, enteroviruses and adenoviruses were detected on a few occasions. Enallax (rank 3) is an area previously reported with a high incidence of enteroviruses and adenoviruses (Vantarakis & Papapetropoulou 1998) . In this study, the area was ranked high (very clean) probably because of the shutdown of several enterprises (restaurants, hotels) located in the area, resulting in the elimination of the local and occasional sewage outfalls. Therefore, the quality of seawater of this site was significantly improved compared with our previous study.
Araxovitika (rank 4) has a very old sanitation system due to TC: total coliforms, FC: faecal coliforms, FST: faecal streptococci, EC: E. coli, SC: somatic coliphages, F-RNA: F-specific RNA phages, BF: phages against Bacteroides fragilis which contamination problems arise occasionally. In Logos (rank 5), several contamination problems appear due to the seasonal operation of two large hotels, which during the summer, host more than 5,000 people.
A small hotel is located on the western site of the monitored area (Alissos, rank 6), which utilizes its own septic tank for sewage treatment. Inoa (rank 7) is close to a small, protected boat basin. Its poor sanitary quality is due to the occasional disposal from the boats. Therefore, the microbiological burden is variable in this area. Proastio (Dufour et al. 1986) . Also, Cabelli (1983) showed that levels of faecal streptococci greater than 35 cfu 100 ml 21 are associated with an increased risk of illness. The average level of faecal streptococci (21.04 cfu 100 ml 21 ) found in our study, was below that level.
The low numbers of bacteriophages (coliphages, F-RNA phages, phages infecting B. fragilis) isolated in this study may indicate rapid die-off of phages, as a result of high salinity (characteristic of east Mediterranean area) and high water temperatures monitored during the sampling period.
Our results are in accordance with the results of Griffin et al. (1999) . Salinity values ranged from 35.4 to 39.9 ppt (average 37.6 ppt) during the sampling period and water temperature varied from 17 to 278C (average temperature 22.48C). The pH of seawater did not vary significantly (average pH 8.08).
Salinity and water temperature may significantly affect viral viability as Patti et al. (1987) suggested. 
